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(57) Abstract: An electrical connecter for 
transferring a plurality of differential signals 
between electrical components (14. 16). 
The connector is made of modules (18) 
that have a plurality of pairs (104) of signal 
conductors (102) with a first signal path and 
a second signal path. Each signal path has 
a pair of contact sections (116) extending 
between the contact portions. For each pair 
of signal conductors, a first distance between 
the interim sections is less than a second 
distance between the pair of signal conductors 
and any other pair of signal conductors of 
the plurahty. Embodiments are shown that 
increase routability. 



BEST AVAILABLE COPY 



wo 01/39332 Al liliiiWIlililiiMlllllllMi 



For two-letter codes and other abbreviations, refer to the "Guid- 
ance Notes on Codes and Abbreviations" appearing at the begin- 
ning of each regular issue of the PCT Gazette. 



wo 01/39332 



PCT/US99/27868 



pTPFFRENTIAL SIGNAL ELE PTRTCAL CQ3SINECT0RS 

Related Applications 
5 This is a continuation-in-part of U.S. Application 

Serial No. 08/797,537, filed February 1, 1997, entitled 
High Speed, High Density Electrical Connector. 

Background of th ^ Tnvention 
10 The invention relates to electrical connectors 

and, more particularly, to modular electrical connectors 
that provide signal paths for differential signals 
between mother boards and daughter boards or other 
electrical components - 
15 Specialized electrical connectors may be used to 

connect different components of an electrical system. 
Typically, such an electrical connector connects a large 
number of electrical signals between a series of daughter 
boards to a mother board. The mother and daughter boards 
20 are connected at right angles. The electrical connector 
is typically modular. For example, a flat, planar 
metallic lead frame contains several signal paths, each 
of which bends about a right angle within the plane of 
the metallic lead frame. The signal paths are assembled 
25 into an insulated housing that also contains a planar 
ground plati^'that provides a ground path and provides 
isolation between signals. The module is further 
assembled with other similar modules to form a connector 
capable of connecting a large number of signals between 
30 components in an electrical system. 

Typically, the connectors attach to a printed 
circuit board, e.g., a mother board, daughter board, or 
back-plane. Conducting traces in the printed circuit 
board connect to signal pins of the connectors so that 
35 signals may be routed between the connectors and through 
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the electrical system. Connectors are also used in other 
configurations, e.g., for interconnecting printed circuit 
boards, and for connecting cables to printed circuit 
boards . 

5 Electronic systems generally have become more 

functionally complex. By means of an increased number of 
circuits in the same space, which also operate at 
increased frequencies. The systems handle more data and 
require .electrical connectors that ar electrically 

10 capable of carrying these electrical signals. As signal 
frequencies increase there is a greater possibility of 
electrical noise being generated by the connector in 
forms such as reflections, cross- talk and electromagnetic 
radiation. Therefore, the electrical connectors are 

15 designed to control cross-talk between different signal 
paths, and to control the characteristic impedance of 
each signal path. In order to reduce signal reflections 
in a typical module, the characteristic impedance of a 
signal path is generally determined by the distance 

20 between the signal conductor for this path and associated 
ground conductors, as well as both the cross-sectional 
dimensions of the signal conductor and the effective 
dielectric constant of the insulating materials located 
between these signal and ground conductors. 

25 Cross-talk between distinct signal paths can be 

controlled arranging the various signal paths so that 
they are spaced further from each other and nearer to a 
shield plate, which is generally the ground plate. Thus, 
the different signal paths tend to electromagnetically 

30 couple more to the ground conductor path, and less with 
each other. For a given level of cross- talk, the signal 
paths can be placed closer together when sufficient 
electromagnetic coupling to the ground conductors is 
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maintained. 

An early use of shielding is shown in Japanese 
patent disclosure 49-6543 by Fujitsu, Ltd. dated February 
15, 1974. U.S. patents 4,632,476 and 4,806,107 (both 
5 assigned to AT&T Bell Laboratories) show connector 
designs in which shields are used between columns of 
signal contacts. These patents describe connectors in 
which the shields run parallel to the signal contacts 
through both the daughter board and the back-plane 
10 connectors. U.S. Patents 5,429,520, 5,429,521, 
. 5,433,617, and 5,433,618 (all assigned to Framatome 
Connectors International) show a similar arrangement. 

Another modular connector system is shown in US 
Patents 5,066,236 and 5,496,183 (both assigned to AMP, 
15 Inc.), which describe electrical modules having a single 
column of signal contacts and signal paths arranged in a 
single plane that parallels the ground plate. In 
contrast, U.S. Patent 5,795,191, which is incorporated 
herein by reference, describes an electrical module 
20 having electrical signal paths arranged in two parallel 
planes that each couple to a different ground plate. 

It appears that the foregoing electrical 
connectors are designed primarily with regard to single- 
ended signals. A single-ended signal is carried on a 
25 single signal-conducting path, with the voltage relative 
to a common^ground reference set of conductors being the 
signal- For this reason, single-ended signal paths are 
very sensitive to any common-mode noise present on the 
common reference conductors. We have recognized that 
30 this presents a significant limitation on single-ended 
signal use for systems with growing numbers of higher 
frequency signal paths. 

Further, existing high frequency high density 
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connectors often require patterns and sizes of holes in 
the attached printed wiring boards (PWB) that limit the 
width and number of printed circuit signal traces that 
may be routed through the connector footprint portion of 

5 the PWB(s) . 

We have recognized that, predominantly in a 
printed circuit backplane, it is highly desirable to have 
the ability to route on each signal layer multiple traces 
in various directions between particular patterns, rows, 

10 or columns of holes in the connector footprint. We have 
also recognized that in higher frequency backplane 
applications, especially for long path lengths, the 
ability to route wider traces can be used to reduce 
conductor losses . 

15 We have also recognized that better control of 

cross-talk can be obtained by designing connectors for 
differential signals. Differential signals are signals 
represented by a pair of conducting paths, called a 
"differential pair". The voltage difference between the 

20 conductive paths represents the signal. 

Differential pairs are known in such applications 
as telephone wires and on some high speed printed circuit 
boards. In general, the two conducting paths of a 
differential pair are arranged to run near each other. 

25 If any other source of electrical noise is 

electromagnetically coupled to the differential pair, the 
effect on each conducting path of the pair should be 
similar. Because the signal on the differential pair is 
treated as the difference between the voltages on the two 

30 conducting paths, a common noise voltage that is coupled 
to both conducting paths in the differential pair does 
not affect the signal. This renders a differential pair 
less sensitive to cross- talk noise, as compared with a 
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single-ended signal path. We have invented an electrical 
connector well suited for carrying differential pairs. 

In addition, it is advantageous to have 
symmetrical, balanced electrical characteristics for the 
5 two conductive paths of a differential pair. Because 
current connectors have signal paths of different lengths 
(as shown in FIGS. 2 and 3), the electrical delay of each 
path is not equal, which can degrade the differential 
signal quality by inducing skew. It would be highly 
10 desirable to have a differential connector that has 
balanced paths . 

Further, it would be desirable to have a 
differential connector module that is compatible with 
existing modular connector components. It would also be 
15 desirable to have a connector with a circuit board hole 
pattern that supports multiple wide signal traces and 
improved routability. 

Summarv of the Invention 
One aspect of the invention is an electrical 
20 connector module for transferring a plurality of 

differential signals between electrical components. The 
module has a plurality of pairs of signal conductors with 
a first signal path and a second signal path. Each 
signal path has a contact portion at each end of the 
25 signal path, and an interim section extending between the 
contact portions. For each pair of signal conductors, a 
first distance between the interim sections is less than 
a second distance between the pair of signal conductors 
and any other pair of signal conductors of the plurality. 
30 Another aspect of the invention is an electrical 

connector module for conducting differential signals 
between electrical components, the connector module 
having opposing sides terminating along an edge. The 
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module contains a pair of signal conductors optimized for 
coupling to the differential signal. The conductors are 
disposed in the module. Each one of the conductors has a 
contact portion that is laterally spaced along the edge 
5 of the module. Surface portions of the pair of 

conductors pass from the contact portions through the 
module in a substantially overlaying relationship along a 
direction extending through the sides of the module. 

Each embodiment of the invention may contain one 

10 or more of the following advantages. The impedance of 
each differential signal path is matched. Each signal 
path of the pair of differential signal conductors is of 
equal electrical length. The pairs of differential 
signal paths can be space closer together. The spacing 

15 of each pair of differential signal conductors from other 
pairs reduces cross- talk within the connector. The pair 
of differential signal conductors can couple to the 
ground plate to allow other pairs of differential signal 
conductors to be placed closer to the signal paths 

20 without inducing cross-talk. A portion of the shield 
plate can extend between each of the pairs of 
differential signal conductors. Noise within each pair 
of differential signal conductors is reduced. The 
routing of signal traces is efficient. The grounding 

25 contact portions can extend between the contact portions 
of the signaTconductors and allow the signal traces to 
extend in a direct path through a routing channel. The 
routing channel can be wide and straight. 



30 



fiT-ipf nescri pi-inn of the. Drawings 
FIG. 1 is a perspective view of a system according 
to the invention wherein a set of modular connectors are 
assembled between a mother board and a daughter board; 
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FIG, 2 is a schematic view of a prior art signal 
path metal lead frame that can be used in the assembly of 
a modular electrical connector wherein the signal paths 
are equally spaced and are not arranged in differential 
5 pairs ; 

FIG. 3 is a schematic view of a signal path metal 
lead frame that is used in the construction of a modular 
connector wherein the signal paths are arranged in pairs 
of differential signal conductors in a single plane; 

10 FIG. 4 is a schematic view of still another 

embodiment of a signal path metal lead frame that is used 
in the construction of a modular connector wherein the 
signal paths are arranged in pairs of differential signal 
conductors in a single plane; 

15 FIG. 5 is a perspective view of a ground plate 

compatible for use with the signal path metal lead frame 
of FIG. 4; wherein contact portions of the ground plate 
are extendable between contact portions of the signal 
path metal lead frame; 

20 FIG. 5A is a perspective view of a pin header 

incorporating the ground plate of FIG. 5; 

FIG. 6 is a perspective view of an arrangement of 
signal paths according to the prior art wherein the 
signal paths are arranged in two parallel planes, each 

25 signal path in one plane inductively coupling with a 
first groun^plate (not shown) and each signal path in 
the other plane coupling with a second ground plate (not 
shown) ; 

FIG. 7 is a perspective view of another embodiment 
30 of signal paths arranged in pair of differential signal 
conductors, wherein the signal paths are arranged in two 
parallel planes; 

FIG. 8 is a front view of yet another embodiment 
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of signal paths arranged as a pair of differential signal 
conductors, wherein the signal paths are arranged in two 
parallel planes; 

FIG. 9 is a side view of the signal paths of FIG. 
5 8; FIG. 10 is a schematic view of connector module 

with balanced electrical properties; 

FIG. IIA is a sketch illustrating a prior art 
circuit board signal launch; and 

FIG. IIB is a sketch illustrating an improved 
10 circuit board signal launch. 

ng^^rription of the Preferre d Embodiments 
Referring to FIG. 1, an electrical system 10 
includes a modular connector 12 that connects a backplane 

15 14 to a daughter board 16. The connector 12 includes a 
plurality of connector modules 18 capable of connecting a 
set of electrical signals, either differential signals, 
non-differential signals, or both types of signals. 

For example, if assembled as described below, the 

20 electrical connector module 18 can conduct a pair of 
differential electrical signals between electrical 
components of the system 10 such as the mother board 14 
and the daughter board 16. Each connector module 18 has 
opposing sides 20, 22 that are aligned in parallel. The 

25 sides 20, 22 each terminate along an edge 24 of the 
connector module 18. (As shown, edge 24 is a planar 
surface section 28. However, other configurations are 
possible.) A set of connecting pins 28 extend from the 
edge 24. Shields (not shown) may be placed between 

30 modules 18. 

It should be noted that in a preferred embodiment, 
the openings 19 in each module 18 are evenly spaced. 
Likewise, the contact tails 28 are evenly spaced. 
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Referring to FIG. 2, a metal lead frame 50 defines 
eight non-differential signal paths 52a-52h for use in 
connector module 18. The metal lead frame 50 is stamped 
from a thin, metallic, planar member to include carrier 
5 strips 56 that support the signal paths 52a-52h prior to 
and during assembly of the electrical connector module 
18. When the signal paths 52a-52h are fully integrated 
into the electrical connector module 18, support sections 
56 are disconnected from the signal paths 52a-52h, and 
10 each signal path 52a-52h is disconnected from the other 
paths 52a-52h. U.S. Patent Application 08/797,540, High 
Speed, High Density Electrical Connector, filed February 
7, 1997, discloses an electrical connector that 
incorporates the metal lead frame 50. The application 
15 08/797,540, which is assigned to Teradyne Inc., is 
incorporated herein by reference. 

Referring to FIG. 3, a similar metal lead frame 
100, for use in module 18, defines eight signal paths 
102a-102h. However, the paths 102a-102h are grouped into 
20 four pairs of differential signal conductors 104a-104d. 
The metal lead frame 100 is stamped with a thin, 
metallic, planar member that supports the signal paths 
102a-102h prior to and during assembly of the electrical 
connector module 18. When the signal paths 102a-102h are 
25 fully integrated into the electrical connector module 18, 
support sections 106 are disconnected from the signal 
paths 102a-102h, and each signal path 102a-102h is 
disconnected from the other signal paths 102a- 102h inside 
the electrical connector module 18. 
30 Each one of the signal paths 102a-102h includes a 

pair of contact portions 112, 114, and an interim section 
116 between the contact portions. The contact portions 
112, 114 are connecting pins that connect the module 18 
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to the electrical components of the system 10. Contact 
portions 112 are shown as two parallel members. These 
members can be folded to form a box contact as in the 
prior art. The box contact acts as a receptacle for a 
5 pin 21 from the backplane. However, separable contact 
regions of many shapes are known and are not crucial to 
the invention. 

In the present embodiment, the contact portions 
112 of the signal paths 102a-102h are laterally and 
10 equidistantly spaced along the edge 118 of the metal lead 
frame 100. In a preferred embodiment, the spacing is 
.030". Typically, when attached as part of the system 10, 
the lateral spacing is in a vertical direction. Both the 
contact portions 112, 114 extend from the housing 32 of 
15 the module 18. The external structure of module 18 is 
identical to other modules which are not specifically 
designed to conduct differential signals. Therefore, the 
modules 18 are interchangeable with other modules, and 
the connector 12 can be configured with different types 
20 of modules which allow the connector 18 to conduct both 
differential and non-differential signals. 

The interim sections 116 of each signal path 102a- 
102h are aligned in a single plane 120, typically a 
vertical plane. Therefore, surface portions 118 of each 
25 interim section 116 in the pair of conductors 104a-104d 
are substantially overlaid in the vertical plane. 

The each signal path 102a-102h is coupled with a 
second signal path 102a-102h in pairs of differential 
signal conductors 104a-104d. For example, signal paths 
30 102a, 102b form the pair of differential signal 

conductors 104a; the signal paths 102c, 102d form the 
pair of differential signal conductors 104b; the signal 
paths 102e, 102f form the pair of differential signal 
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conductors 104c; the signal paths 102g, 102h form the 
pair of differential signal conductors 104d. Each 
signal path 102a-102h of each pair of differential signal 
conductors 104a-104d is coupled to the corresponding 
5 signal path 102a-102h of the pair 104a-104d. The 
coupling results because the distance 108 between the 
pairs of differential signal conductors 104a-104d is 
small relative to the distance 110 between adjacent pairs 
of differential signal conductors 104a-104d. The interim 

10 sections 116 of the pairs of signal conductors 104a-104d 
are arranged as close .together as possible while 
maintaining differential impedance. One of the interim 
sections 116 of each pair 104a-104d has curved sections 
122, 124 that curves toward the other interim section 116 

15 of the pair 104a-104d. Between the curved sections 122, 
124, the pair of conductors 104a-104d tracks together 
along most of the interim sections 116. 

The curved sections 122, 124 decrease the distance 
108 between interim sections 116 of each pair 104a-104d, 

20 increase the distance 110 between adjacent pairs 104a- 
104d, and tend to equalize the length of each interim 
section 116 of the pair 104a-104d. This configuration 
improves the signal integrity for differential signals 
and decreases cross-talk between differential pairs 104a- 

25 104d and reduces signal skew. 

Other^embodiments are within the scope of the 

invention. 

For example, referring to FIG. 4, a metal lead 
frame 100 includes six rather than eight signal paths 
30 202a-202f . The signal paths are arranged in three pairs 
204a-204c. In essence, metal lead frame 200 is identical 
to metal lead frame 100 except that the equivalent of two 
signal paths 102c, 102 f have been removed. The remaining 
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traces have to be aligned in pairs as before, with the 
spacing between the interim sections of the signal paths 
in a pair less than the spacing between the contact 
portions. Two spaces 208, 210, which are vacated by the 
5 signal paths 102c, 102f, lie between contact portions 
214. 

Referring also to FIG. 5, a ground plate 220 
contains a main body 230, resilient connecting tabs 224, 
and contact portions 226, 228. Ground plate 220 is 
10 intended to be used in place of ground plate 23 (FIG.l), 
particularly in conj\inction with the embodiment of FIG. 
4. 

When a connector 12 is fully assembled and mated 
with connector 13, the ground plate 222 is parallel to 

15 the signal paths 202a-202f. The contact portions 226, 
288 are aligned with the contact portions 212 of the 
signal paths 202a-202f. The contact portions 226, 228 
are each at corresponding right angles to the main body 
230 and extend between the contact portions 212 within 

20 corresponding spaces 208, 210. 

FIG. 5A shows the backplane module 13' including 
the shield member 220. There are columns of signal pins 
521. Each column contains six signal pins 521, to 
correspond to the six mating contacts 212. There is no 

25 signal pin in backplane connector 13' corresponding to 
spaces 208 and 210 (FIG. 4) . Rather, contact portions 
226 and 228 are inserted into the spaces that correspond 
to spaces 208 and 210. As a result, there are eight 
contact tails in each column - six corresponding to 

30 signal pins 521 and two being appending contact tails 226 
and 228. The spacing between the contact tails is 
uniform, illustrated as dimension P in FIG. 5A. 

This arrangement of contact tails means that the 
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spacing between adjacent columns is a dimension D. The 
spacing D is dictated by the spacing between signal pairs 
521 in adjacent columns. 

By contrast, in backplane connector 13 (FIG. 1), 
5 the space between columns of contact tails for signal 
pins is occupied by contact tails for a shield plate. 

When a backplane connector is attached to 
backplane, a hole must be made for each contact tail. No 
signal traces can be routed in the backplane near holes. 
10 Thus, to space signal traces across a backplane, the 
traces generally run in the spaces between columns of 
contact tails. In the embodiment of FIG. 5A, the spacing 
D represents a wide routing channel for signal traces. 
Thus, the signal traces can be made wider and therefore 
15 have lower loss. The traces can also be made straighter 
because they do not have to jog around ground holes in 
the channels between signal contact tails. Straighter 
traces result in fewer impedance discontinuities, which 
are undesirable because they create reflections. This 
20 feature is particularly beneficial in a system carrying 
high frequency signals. Alternatively more traces could 
be routed in each layer, thereby reducing the number of 
layers and saving cost. 

Referring to FIG. 6, a set of prior art signal 
25 paths 300a-300h for use in a modular electrical connector 
have inter iiirsections 302 that are aligned along two 
different parallel planes 320, 322. Half of the interim 
sections are aligned along each corresponding plane. 
Contact portions 314 are aligned in a third central 
30 plane. Contact portions 312 lie in separate planes and 
are aligned with the third central plane. Thus, when 
fully assembled, each interim section 3 02 lies closer to 
a ground plate than to another of signal paths 300a-300h. 
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Referring also to FIG. 7, the signal paths of FIG. 
6 are adapted to provide a set of differential signal 
conductors 304a-304d. Each conductor of the pairs 304a- 
304d includes a pair of contact portions 332, 334 and 
5 interim sections 336, 337 extending between contact 
portions 332, 334. Each pair of interim sections 336, 
337 has a corresponding surface 338, 339 that overlays 
the other corresponding surface 338, 339. The surfaces 
338, 339 overlay each other in a direction that extends 

10 through the sides 32 6, 328 of an electrical connection 
module 3 03, shovm in FIG. 6. Thus, relative to the pairs 
104a-104d of FIG. 3 which typically have overlying 
surfaces 118 in the vertical direction, the pairs 304a- 
304d typically have overlying surfaces 338, 339 in the 

15 horizontal direction. (The comparison between the pairs 
104a-104d and the pairs 304a-304d is relative, and the 
surfaces 338 may overly in directions other than 
horizontal . ) 

However, unlike the paths 300a-300h depicted in 
20 FIG. 6, interim section 336 of each pair 304a-304d lies 
closer to corresponding interim section 337 of each pair 
304a-304d than to a ground plate or another pair of 
signal conductors 304a-304d. Therefore, each pair of 
conductors 304a-304d couples to the corresponding 
25 conductor of the pair 304a-304d to reduce noise. 

The differential pairs of signal contacts will, 
preferably be held in an insulative housing, which is not 
shown. The contacts might be positioned as shown in FIG. 
7 and then insulative material could be molded around the 
30 interim sections of the contacts. To achieve appropriate 
positioning of the contact members, a plastic carrier 
strip might be molded around the contact members in one 
plane. Then, the contact members in the other plane 
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might be overlaid on the carrier strip. Then, additional 
insulative material could be molded over the entire 
subassembly. 

An alternative way to form an insulative housing 
5 around the contact members in the configuration shown in 
FIG. 7 would be to mold the housing in two interlocking 
pieces. One piece would contain the signal contacts in 
one plane. The other piece would contain the signal 
contacts in the other plane. The two pieces would then 

10 be snapped together to form a module with the signal 
contacts positioned as in FIG. 7. This manufacturing 
technique is illustrated in US patent 5,795,191 (which is 
hereby incorporated by reference) . However, that patent 
does not recognize the desirability of positioning the 

15 interim sections of the signal contacts in the two pieces 
of the subassembly so that, when the two pieces are 
assembled, the signal contacts will overlay to create 
differential pairs. 

Referring also to FIGS. 8-9, an alternate 

20 arrangement of signal paths includes pairs of signal 
conductors 3 04' (here one pair being shown). Like the 
signal paths 300a-300h of FIG. 6, each conductor 304' of 
the pair extends toward the corresponding side 326, 328 
of a module 303'. However, unlike the signal paths 300a- 

25 300h, surfaces 318' of the pair of signal conductors 304' 
are respectively jogged to have overlaying surfaces 338', 
339' in a direction that is perpendicular to the sides 
326, 328 of the module 303'. Thus, like the pairs of 
conductors of FIGS. 3, 4 and 7, the distance between 

30 conductors 304' is smaller than the distance from the 
pair of conductors 304' to other similar pairs of 
conductors. Also, like the contact portions 312 of FIG, 
6, the contact portions 312', 314' all lie in a third 
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central plane. In con^arison, the contact portions 332 
shown in FIG. 7 and contact portions 314 shovm in FIG. 6 
lie in two distinct planes. 

As another alternative, it is not necessary that 
5 shield plates be used with the differential connector 
modules as described above. 

FIG. 10 shows an alternative embodiment for a 
differential connector module 510. As described above, a 
lead frame containing signal contacts is formed into a 
10 module by molding plastic 511 around the interim portions 
of the lead frame. In the module of FIG. 10, windows 
512A, 512B and 512C are left in the plastic above the 
long lead in each pair. These windows serve to equalize 
the delay for signals traveling in the leads of each 
15 pair. As is known, the speed at which a signal 
propagates in a conductor is proportional to the 
dielectric constant of the material surrounding the 
conductor. Because air has a different dielectric 
constant that plastic, leaving the windows above the long 
20 leads, makes the signals in those leads move faster. As 
a result, the time for a signal to pass through the long 
lead and the short lead of the pair can be equalized. 

The length of each window 512A...512C depends on 
the differential length between the long leg and the 
25 short leg of the pair. Thus, the size of the window 
could be different for each pair. Also, it is possible 
that multiple Windows might be included for a pair. 
Further, it is not necessary that the window be filled 
with air. The window could be formed with a material 
30 having a different dielectric constant than the rest of 
plastic 511. For example, a plastic with a low 
dielectric constant could be molded over portions of the 
long contacts in each pair in the window regions. Then. 
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a plastic with a higher dielectric constant could be over 
molded to form the plastic housing 511. Also, it is not 
necessary that the "window" extend all the way to the 
surface of the conducting signal contact. The "window" 
5 could be partially filled with plastic and partially 
filled with air, which would still have the effect of 
lowering the effective dielectric constant of the 
material above the long leg. 

One drawback of placing a window in the dielectric 

10 material is that it also changes the impedance of the 
signal contact in the region below the window. Changes 
in impedance along a signal conductor are often 
undesirable because signal reflections occur at the 
discontinuities. To counter this problem, other 

15 adjustments can be made to keep the impedance constant 
along the length of the signal conductors. One way that 
the impedance can be kept constant is by changing the 
width of the signal conductors. In FIG. 10, the signal 
conductors are shown with a width of T, in one region and 

20 a broader width T^ in the region of the windows. The 

exact dimensions are chosen to match the impedance based 
on the relative dielectric constant between the two 
regions. The technique of altering the width of the 
signal contacts in window regions is useful regardless of 

25 why the window is formed in the connector and is not 
limited to Wtiidows formed to equalize delay. For 
example, some prior art connectors use windows over 
substantial portions of all the signal contacts to 
increase impedance of all the signal contacts. 

30 FIG. IIA and IIB show an alternative embodiment 

that can be used to increase the effectiveness of a 
differential connector. FIG. IIA illustrates a portion 
of a backplane 600 to which a connector might be 
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attached. There are colxirons of holes 602 in backplane 
600. The contact tails of the connector would be 
inserted into these holes to affix the connector to the 
backplane. One or more ground plane layers 604 are 
5 included within backplane 600. The ground plane layers 
are not deposited around the holes to avoid shorting out 
the connections made in the hole to leave exposed areas 
606. However, in the prior art configuration shown in 
FIG. IIA, there is ground plane material deposited 
10 between the holes 602. FIG. IIB shows a backplane 

printed circuit board adapted for use with a differential 
connector. Ground plane layer 604 is deposited to leave 
an exposed area around the holes 602 that form a 
differential pair. In this way, there is no ground plane 
15 layer between the two holes of a differential pair. 

Consequently, the common mode coupling between the two 
conducting elements of the differential pair is improved. 

Also, it should be appreciated that numbers and 
dimensions are given herein. Those numbers are for 
20 illustration only and are not to be construed as 

limitations on the invention. For example, connectors 
with 6 and 8 rows are illustrated. However, any number 
of rows could be conveniently made. 

Also, it was described that shield plates could be 
25 used. Grounding members that are not plate shaped could 
also be usedT" The grounding members could be placed 
between pairs of conducting elements. In addition, the 
shields do not need to be planar. In particular, FIG. 3 
and FIG. 4 illustrate a connector configuration in which 
30 there are spaces between differential pair. To increase 
the isolation between the differential pairs, tabs could 
be cut out of the shield plates and bent out of the plane 
of the plate to provide greater isolation between pairs. 
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It should also be recognized that the invention is 
illustrated by a right angle, press- fit, pin and socket 
connector. The invention is not useful simply in right 
angle applications. It could be used in stacking or 
5 mezzanine connectors. Nor is the invention limited to 
press-fit connectors. It could be used with surface 
mount or pressure mount connectors. Moreover, the 
invention is not limited to just pin and socket style 
connectors. Various contact configurations are known and 
10 the invention could be employed with other contact 
configurations . 
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What is claimed is : 

1 1. An electrical connector module for conducting 

2 a pair of differential signals between electrical 

3 components, the connector module having opposing sides 

4 terminating along an edge, such module comprising: 

5 a pair of signal conductors, adapted for coupling 

6 to the pair of differential signals, disposed in the 

7 module, each one of the conductors having a corresponding 

8 contact portion, the contact portions of the conductors 

9 being laterally spaced along the edge of the module, 

10 surface portions of the pair of conductors passing from 

11 the contact portions through the module in substantially 

12 overlaying relationship along a direction extending 

13 through the sides of the module. 

1 2. The connector module of claim 1, wherein the 

2 sides are parallel and the direction is perpendicular to 

3 the sides. 

1 3. The connector module of claim 1, wherein the 

2 signal conductors of the pair have equal lengths. 

1 4. The connector module of claim 1, wherein the 

2 signal conductors of the pair track along a majority of 

3 the length of the pair of signal conductors. 

1 5. The connector module of claim 1, wherein the 

2 contact portions of the signal conductors are spaced 

3 equi distantly. 

1 6. The connector module of claim 1, wherein at 

2 least some of the paired signal paths are connected to a 

3 set of differential signals. 
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1 7. The connector module of claim 1, further 

2 comprising a shield plate aligned adjacent to and spaced 

3 from the pair of signal conductors, the shield plate 

4 providing a common ground signal path. 

1 8. The connector module of claim 1 , further 

2 comprising an insulating member extending along a portion 

3 of the shield plate. 

1 9. The connector module of claim 8, wherein the 

2 insulating member is a housing external to the shield 

3 plate and the pair of signal conductors. 

1 10. An electrical connector module for 

2 transferring a plurality of differential signals between 

3 electrical components, the connector module comprising: 

4 a plurality of pairs of signal conductors, each 

5 pair having a first signal path and a second signal path, 

6 each signal path having a pair of contact portions, and 

7 an interim section extending between the contact 

8 portions; 

9 wherein for each pair of signal conductors a first 

10 distance between the interim sections is less than a 

11 second distance between the pair of signal conductors and 

12 any other paTr of signal conductors of the plurality. 

1 11. The connector module of claim 10, wherein the 

2 interim section of each first signal path is aligned in a 

3 first plane, and the interim section of each second 

4 signal path is aligned in a second plane spaced from the 

5 first plane. 
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1 12. The connector module of claim 10, wherein the 

2 interim section of each first signal path and the interim 

3 section of each second signal path are aligned in a 

4 plane . 

1 13. The connector module of claim 10, wherein the 

2 interim sections of each pair of signal conductors have 

3 equal lengths. 

1 14. The connector module of claim 10, wherein the 

2 interim sections of each pair of signal conductors track 

3 along a majority of the length of the interim sections. 

1 15. The connector module of claim 10, wherein at 

2 least some of the paired signal paths are connected to a 

3 set of differential signals. 

1 16. The connector module of claim 10, further 

2 comprising a shield plate spaced from the pairs of signal 

3 conductors, the shield plate providing a common ground 

4 signal path. 

1 17. The connector module of claim 16, wherein the 

2 shield plate further comprises a main body and a tab, the 

3 tab extending from the main body and between at least two 

4 pairs of signal conductors. 

1 18. The connector module of claim 16, wherein the 

2 shield plate further comprises a main body and a 

3 grounding contact portion extending from the main body. 

1 19. The connector module of claim 18, wherein the 

2 grounding contact portion is adjacent to the contact 
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3 portions of the signal paths. 

1 20. The connector module of claim 18, wherein the 

2 grounding contact portion extends between the contact 

3 portions . 

1 21. The connector module of claim 18, wherein the 

2 grounding contact portion extends between adjacent 

3 contact portions of two signal paths. 

1 22. The connector module of claim 16, wherein the 

2 shield plate further comprises a main body and a 

3 resilient tab, the resilient tab having ends connected to 

4 the main body, and the resilient tab extending from the 

5 main body. 

1 23. The connector module of claim 22, wherein the 

2 resilient tab has a curved shape between the ends. 

1 24. The connector module of claim 16, further 

2 comprising an insulating member extending along a portion 

3 of the shield plate. 

1 25. The connector module of claim 24, wherein the 

2 insulating member is a housing external to the shield 

3 plate and the plurality of signal conductors, 

1 26. An electrical connector module for 

2 transferring a plurality of differential signals between 

3 electrical components, the connector module comprising: 

4 a plurality of pairs of signal conductors, each 

5 pair having a first signal path and a second signal path, 

6 each signal path having a pair of contact portions, and 
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7 an interim section extending between the contact 

8 portions ; 

9 wherein for each pair of signal conductors a first 

10 distance between the interim sections is less than a 

11 second distance between the pair of signal conductors and 

12 any other pair of signal conductors of the plurality; and 

13 wherein the interim section of each first signal 

14 path and the interim section of each second signal path 

15 of the pair are aligned in a single plane. 

1 27. An electrical connector system for 

2 transferring a plurality of differential signals between 

3 electrical components, the connector system comprising: 

4 a connector module having; 

5 a plurality of pairs of signal conductors, 

6 each pair having a first signal path and a second signal 

7 path, each signal path having a pair of contact portions; 

8 wherein for each pair of signal conductors a 

9 first distance between the interim sections is less than 

10 a second distance between the pair of signal conductors 

11 and any other pair of signal conductors of the plurality; 

12 a shield plate spaced a distance from the 

13 pairs of signal conductors, the shield plate forming a 

14 common ground signal path; 

15 an insulating member extending along a 

16 portion of the shield plate; 

17 a printed circuit board having; 

18 a plurality of electrical contacts arranged 

19 in a row, a first portion of the electrical contacts 

20 providing a signal contact, a second portion of the 

21 electrical contacts providing a ground contact, the first 

22 portion of the electrical contacts attached to the 

23 contact portions, the second portion of the electrical 
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24 contacts attached to the shield plate; 

25 an electrical signal routing channel adjacent 

26 to, and extending along, the row, the routing channel 

27 including a plurality of signal traces, each signal trace 

28 of the plurality being connected to a corresponding 

29 signal conductor. 

1 28. The connector system of claim 27, wherein the 

2 interim section of each first signal path is aligned in a 

3 first plane, and the interim section of each second 

4 signal path is aligned in a second plane spaced from the 

5 first plane. 

1 29. The connector module of claim 27, wherein the 

2 interim section of each first signal path and the interim 

3 section of each second signal path are aligned in a 

4 plane . 

1 30. The connector system of claim 27, wherein the 

2 signal traces extend in a straight line along the row. 

1 31. The connector system of claim 27, further 

2 comprising a plurality of connector modules. 

1 32. The connector system of claim 31, wherein 

2 each connecCoF module of the plurality is disposed 

3 directly adjacent to another connector module of the 

4 plurality. 

1 33. An electrical connector assembly having an 

2 insulating housing and assembled thereto a plurality of 

3 electrical connector modules and electrically conductive 

4 shield plates therebetween, the assembly comprising; 
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5 a connector module having a plurality of signal 

6 paths, each signal path including a pair of contact 

7 portions and an interim portion therebetween, each of the 

8 connector modules having an electrically conductive 

9 shield plate mounted thereto/ each connector module 

10 including first and second signal paths, the interim 

11 portions of said first signal paths being disposed in a 

12 first plane and the interim portions of said second 

13 signal paths being disposed in a second plane spaced from 

14 said first vertical plane and parallel therewith, the 

15 interim portions of said first signal contacts being 

16 proximate a first side of the module and spaced from an 

17 opposed second side thereof and the interim portions of 

18 said second signal paths being proximate said second side 

19 and spaced from said first side; 

20 said contact portions of said first signal paths 

21 being staggered vertically with respect to said contact 

22 portions of said second contacts; 

23 whereby, upon assembling the connector modules and 

24 the respective shield plates therebetween into the 

25 insulating housing, each interim portion of said first 

26 signal paths being spaced more closely to a corresponding 

27 interim portion of one of said second signal paths than 

28 to any other interim portion of either said first or 

29 second signal paths, each interim portion of said second 

30 signal paths^eing spaced more closely to a corresponding 

31 interim portion of one of said first signal paths than to 

32 any other interim portion of either said first or second 

33 signal paths, thereby assuring primary coupling between 

34 each corresponding first and second signal paths rather 

35 than to an adjacent said signal contact pair. 
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1. Claims: 1-9 

An electrical connector module comprising a 
pair of signal conductors extending within the module in 
overlaying relationship along a direction extending through 
the sides of the module. 



2. Claims: 10-25, 26. 27-32. 33 
Claims 10-25: 

An electrical connector module comprising a plurality of 
pairs of signal conductors wherein for each pair of 
conductors a first distance between the interim sections 
extending between the contact portions of the conductors is 
less than a second distance between the pair of signal 
conductors and any other pair of signal conductors of the 
plurality. 

Claim 26: 

An electrical connector module having the features of the 
module as defined in claim 25 with the additional feature 
that the interim section of each first signal path and the 
interim section of each second signal path of the pair of 
signal conductors are aligned in a single plane. 

Claims "27-32: 

An electrical connector system comprising a module, a shield 
plate, an insulating member, and a printed circuit board 



Claim 33: 

An electrical connector assembly having an insulating 
housing and a plurality of modules and electrically 
conductive shield plates therebetween. 
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